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FIGURE 2.4 Major-element variation ex-
pected for a primary basaltic magma undergo-
ing mass exchange with the crust. Curves
marked A show evolution paths in binary mix-
ing between magma and a rhyolitic composi-
tion; those marked B include the effect of frac-
tionally crystallizing a phase assemblage
composed of 55 percent plagioclase, 35 per-
cent low-Ca pyroxene, and 10 percent olivine
(Carlson et al., 1981). A cumulate to assimilate
mass ratio of 2 is assumed for curves B. Open
fields encompass major-element data for Im-
naha, Picture Gorge, and Grande Ronde lavas,
and cross-hatched and stippled fields repre-
sent the compositional spectrum of Wanapum
and high-Al basalts, respectively. The dots along
the curves denote 10 percent increments of
rhyolitic component.
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percent of the magma's mass would have to be derived from
the crust.

Extending the results of this crustal interaction model to the
major-element composition of the Columbia Plateau lavas, Fig-
ure 2.4 compares the compositional trends expected for mixing
between a primitive Imnaha basalt and a granitic material.
Chosen in this example to represent this granitic component
is a material similar in elemental, but not isotopic, composition
to rhyolites from the Newberry volcano of central Oregon (Hig-
gins, 1973). Simple binary mixing between this rhyolite and
the Imnaha composition fails to produce a mixing array that
encompasses the Columbia Plateau compositions. Binary mix-
ing of up to 60 percent crustal component is required to pro-
duce the lower MgO concentration seen for these basalts. In
contrast, if the magma is allowed to crystallize while it is
undergoing crustal assimilation and the crystallizing assem-
blage is removed from the magma, a much better fit to the
compositional data can be achieved given certain assumptions
regarding the composition of the phase assemblage being re-
moved.

In Figure 2.4 the set of curves marked B represent the
compositional evolution of the primitive Imnaha magma when
it undergoes assimilation of the Newberry rhyolite coupled with
the removal of a crystallizing phase assemblage composed of
55 percent plagioclase, 35 percent low-Ca pyroxene, and 10
percent olivine. This phase assemblage is similar to that pro-
posed by Cox (1980) to explain the compositional trends found
in continental flood basalts in general. The assumed ratio of
mass of removed crystals to assimilated crust is 2:1 in Figure
2.4. This model provides a reasonable match to the major-
element trends exhibited by Imnaha, Picture Gorge, Grande
Ronde, and Wanapum basalts and requires only 20 percent (by
mass) assimilation of the crustal component to produce the
compositions with lowest MgO, in accord with the relative
contribution of crustal material indicated by the isotopic data.
The sensitivity of this model to changes in the composition of
both the crystallizing phase assemblage and the ratio of cu-
mulate to assimilate mass is discussed in greater detail by Carl-
son et al. (1981).

This model of crystallization-assimilation also tends to match

the Rb, Sr, and Nd contents of these lavas. Again, about 20
percent of a crustal component seems to be required to explain
the more evolved trace-element compositions. In this model
the low ratio of crystallized mass to melted crustal mass (2:1),
which provides the best solution to the isotopic and compo-
sitional data, indicates that the magma was not being rapidly
cooled by ingesting its wallrock. This suggests that the magma-
wallrock interaction, in this case, occurred at great depth, pre-
sumably in the lower crust where the temperature of the wall-
rock was near its melting temperature even before the injection
of the mafic lavas.

While this combined crystallization-assimilation model ap-
proximates the chemical trends seen in the majority of the
Columbia Plateau basalts, the composition of the Saddle Moun-
tains basalts, which have high 87Sr/86Sr, is not satisfactorily
explained. To reach an 87Sr/86Sr > 0.707 as observed for these
samples, the model discussed above would predict that the
magma would approach an andesitic major-element composi-
tion but would have a high FeO (> 10 wt.%) and Rb (70 ppm)
and low MgO (1 wt. %) content. In contrast, the Pomona chem-
ical unit of the Saddle Mountains basalts has an 87Sr/86Sr =
0.7075 yet also has compositions of MgO = 7.1 wt.%, CaO =
10.6 wt.%, and Rb = 16 ppm (Carlson et al, 1981). This
disparity between predicted and observed composition is dif-
ficult to overcome by minor variations in the model and may,
in the end, mean that these isotopically distinct Saddle Moun-
tain basalts do not owe their characteristics to the influence of
sialic continental crust.

On the other hand, if instead of using the chemical and
isotopic compositions of a primitive Imnaha or Picture Gorge
basalt as the primary magma for all the Columbia Plateau lavas,
the high 87Sr/86Sr Saddle Mountain basalts are assumed to be
derived from a parental magma similar in composition to the
Pomona chemical unit, then the composition of other Saddle
Mountain basalts can be explained by using a crystallization-
crustal assimilation model similar to that described earlier.
Such a model of mixing between sialic crustal materials and a
primary magma with 87Sr/86Sr = 0.7075 and 143Nd/144Nd =
0.51245 can in fact account for much of the major- and trace-
element and isotopic variations seen for the remainder of the